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Anisoles and Pyridines undergo acetylation and formylation under non-classical Vilsmeier-Haack
conditions. The reactants are grinded vigorously in a mortar for about 25 to 30 min at room
temperature with a pestle. The introduction of formyl and acetyl groups under solvent free conditions
is a unique, fast and efficient method which has not been reported in literature so far.

Introduction

Formyl and acetyl group can be efficiently introduced in
organic substrates by Vilsmeier-Haack reaction (VHR).
The Vilsmeier-Haack reagent is one such mild reagent
widely applied for ring closure, acylation, formylation
and ring annulation [1-5]. This reaction can be easily
carried out on aromatic and heteroaromatic compounds,
leading to the formation of carboxaldehydes and ketones
which are potent precursors for biologically active
compounds [6,7]. Halomethyleniminium salt formed
from N-N’-Dimethylformamide (DMF) or N-N’-
Dimethylacetamide (DMA) and Phosphoryl chloride
POCI; has captivated the interest of chemists.

In  Green synthesis, economically simple and
environmentally safe methods have been developed during
the recent past [8,9]. A perusal of recent reviews and
publications in this field, signifies solvent free organic
reactions [10-14]. Their mild reaction conditions,
enhanced selectivity, and ease of handling are the main
features which highlights that this process is not only
simple; but also appeases both economical and
environmental requirements by substituting the toxic
solvents. Although numerous attempts were successfully
carried out to use operationally mild materials as
catalysts, not much consideration appears to have been
diverted in the direction of solvent free VHR [15-21].
Over the past decade our group is actively engaged in
employing an array of green components like micelles
and non-conventional energy sources such as microwave
and ultra sound to facilitate wvarious organic
conversions like nitration, cyclisation and Vilsmeier-
Haack reactions [22]. The current research probes into one
such activity, which investigates the possibility to achieve
formylation and acetylation of certain anisoles and
pyridines with Vilsmeier-Haack reagent under non-
classical conditions, by using a mortar and pestle to grind
the reactants.

Experimental
General

Melting points are measured using Bio-Technics
digital automatic melting point apparatus in an open
capillary tube and are uncorrected. IR spectra were
recorded on were recorded on G.C. FTIR using Varian
Nicollet (USA) spectrophotometers. NMR spectra were
recorded on Joel-FT NMR-100 Q spectrometer. V.G.
Micro mass 7070 and Finnegan mal 1020 instruments was
used to characterize and record the EI Mass Spectra. Glass
plates coated with Loba Chemie’s silica gel were used to
perform thin layer chromatography (TLC) with ethyl
acetate and hexane as eluent mixture.

General procedure for Vilsmeier-Haack synthesis

Vilsmeier-Haack reagent (0.015 moles) was added to
organic substrate 1a and 4a (0.01mol) taken in a mortar
and grinded with a pestle for about 25 to 30 minutes.
Progress of the reaction was periodically monitored by
thin layer chromatography. After completion, the reaction
mixture was treated with 5% sodium thio sulphate
solution, followed by addition of dichloroethane (DCE).
The organic layer was separated, dried over NazSQOg,
evaporated under vacuum, and purified with column
chromatography. This methodology has been successfully
used in both formylation and acetylation reactions.
Isolated products were distinguished by spectroscopic
methods.

Results and discussion

To check the generality of the reaction an array of
substituted Anisoles 1b-1f and Pyridines 4b-4d are used
as substrates under classical Vilsmeier Haack reaction
conditions as shown in Schemes 1 and 2 respectively. The
products of formylation 2a-2f, 5a-5d and acetylation
3a-3f, 6a-6d were formed with ease and in a short time.
The yields of major products are compiled in Tables 1
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Table 3. Spectroscopic data of Formylation® Reactions of representative

and 2. The products were characterized by IR, 'H-NMR,

and Mass spectra as shown in Tables 3-6. Anisoles.
Compound M* IR (Cm?) NMR
Scheme - 1 2a 136 1691 (C=0) | 5 3.85 (s,3H,0CHj),
6.96 (d,2H,Ar),
OCH, OCH, “3 7.87 (d,2H,Ar)
X 9.89 (s,1H,CHO)
(}X . grinding / RT R 2b 150 1689 (C=0) | 52.16 (s,3H,CHa),
P —— 3.73 (5,3H,0CHs),
2530 min T 6.84 (d.1H.AT),
! 3 R=CH, 7.50 (d,1H.Ar),
Lo X H 9.87 (5,1H,CHO)
1b: X= 2-CH, a: X=H, Y= 4-OCH, 2c 150 1691 (C=0) §2.35 (s,3H,CHs),
Le: X=4-CH, RO N 3.73 (3,3H,0CHs),
1d: X= 4-NO G 7= 2t fla Y7 50, 6.84 (d,1H,Ar
le: X=4-Cl - d: X= 5-NO,, Y= 2-OCH, 293 Ed 1H Arg
e: X=5-Cl, Y= 2-OCH, 7:50 (S ‘lH ’AI’)‘
10.24 (s,1H,CHO)
COR 2d 181 1690 (C=0) | 83.73 (s,3H,0CHj),
7.22 (d,1H,Ar),
ocH, grinding / RT ot ggg Ed’::':r))
|O|O - X s,1H,Ar
25 min OO 10.24 (s,1H,CHO)
N 2e 170 1690 (C=0) | 83.73 (s,3H,0CHa),
1f 3f:R=CH, 7.26 Ed,lH,A;),
7.64 (t,1H,Ar
o 10.24 (s,1H,CHO)
Scheme - 2 2f 186 1673 (C=0) | 83.73 (s, 3H, OCHa),
_ x X )‘K 7.16 (s, 1H, Ar),
[i o g Omding/RT @ R 7.48 (t, LH, Ar),
N Y 25 - 30 min v N 7.57 (1, 1H, Ar),
N R 7.60 (d,1H, Ar)
4 6 R=CH, 7.64 (d,1H, Ar),
8.15 (s,1H, Ar),
4a: X=H, Y=H :X=H, Y=
42: e P = ach, g; ;(: ngYHz.HY= sch, : : : 10.24 (s,1H, CHO)
4c: X= 3-NH,, Y=H ¢: X= 5-NH,, Y= H 2Vilsmeier-Haack Formylation = (DMF + POCls) (1:1)
4d: X= 2:NH,, Y= 3-CH, d: X=6-NH,, Y= 5-CHy Table 4. Spectroscopic data of Acetylation® Reactions of representative
Anisoles.
Table 1. Vilsmeier Haack Formylation Reactions with Anisoles and . -
Pyridines. Compound M IR (Cm™) NMR
s 0 | P | OO0 |7 zopmoe
. olven .85 (s,3H, Hs
Thermal reaction reaction 7.08 (d,1H,Ar)
Reactant|Product| RT [ Yield | RT | Yield [ __ | Yiel 7.90 (d.1H,Ar)
(h) (%) (h) (%) (min) d 3b 164 1690 (C=0) 8 2.16 (s,3H,CHs)
DCE ACN (%) g EZ’?:’?A%HQ
la 2a 6 40 6 57 30 36 7.71 (S,ylH,'Ar)
1b 2b 6 45 6 50 30 25 7.55 (d,1H,Ar)
1c 2c 6 50 6 55 25 35 3c 164 1690 (C=0) 8 2.35 (s,3H,CH3)
1d 2d 6 42 6 40 30 31 255 (5,3H,COCH)
1e 2e 6 40 6 52 30 30 Z;j Ezﬁﬂ"j\gm)
1f 2f 6 44 6 42 25 37 7.06 (d,1H,Ar)
4a 5a 6 30 6 24 30 35 7.25 (5,1H,Ar)
4b 5b 6 60 6 58 25 38 3d 195 1690 (C=0) | & 255 (s,3H, COCHa)
4c 5¢ 6 57 6 62 30 33 3.83 (s,3H,0CHs)
4d 5d 6 52 | 6 | 48 30 | 34 . Eg}:zg
Table 2. Vilsmeier Haack Acetylation Reactions with Anisoles and 8.68 (s,1H.Ar)
Pyridines 3e 184 1690 (C=0) | & 2.55 (s,3H, COCHa)
. 3.83 (5,3H,0CHs)
Solvent 7.18 (d,1H,Ar)
Thermal reaction free 7.55 (d,1H,Ar)
R Prod reaction 7.76 (s,1H,Ar)
eactant | Product =T vioid TRT T Yield . 3f 200 1690 (C=0) | & 2.55 (5,3H,COCHz)
h o h %) RT |Yield 3.73 (5,3H,0CHs)
M) | ) [ () L ) 1! (o) 7.66 (t,LH,Ar)
DCE ACN 7.77 (L1H.A)
la 3a 6 50 6 42 30 37 7.83 (d,1H,Ar)
1b 3b 6 56 6 55 30 30 8.29 (d,1H,Ar)
1c 3c 6 40 6 55 25 | 30 8.49 (d.1H.Ar
1d 3d 6 30 6 55 30 30 bVilsmeier-Haack Acetylation = (DMA + POCls) (1:1)
1 4 4 . .
1‘: 2‘: g 48 g sg :2)’2 28 On comparison of VHR under classical and non-
12 6a 6 63 6 52 | 30 | 37 classical conditions, it was observed that the reaction was
4b 6b 6 58 6 60 25 | 40 completed in 6 hours under thermal conditions using
4c 6c 6 68 6 50 30 | 30 dichloroethane (DCE) and acetonitrile (ACN) solvent, and
4d 6d 6 56 6 46 | 30 | 35 within 25-30 minutes under solvent free conditions. This
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huge difference in the reaction time makes the author
believe that non-classical method not only saves time and
energy, but reduces the expenses and pollution.

Table 5. Spectroscopic data of Formylation® Reactions of representative
Pyridines.

Compound M* IR (Cm™) NMR

5a 107 1690 (C=0) | 57.50 (t, 1H, An)
8.17 (d, 1H, Ar)
8.71(d, 1H, Ar)
9.04 (s, 1H, Ar)

9.61 (s, 1H, CHO)

5b 136 1690 (C=0) 8237 (s,3H,CHz)
6.51 (s, 2H, NH2)
6.72 (s,1H,Ar)
8.57(s,1H, Ar)

9.61(s, 1H, CHO)

5¢c 122 1690 (C=0) 85.85 (s, 2H, NHz2)
7.68 (s, 1H, Ar)
8.68 (s, 1H, Ar)
8.73 (s, 1H, Ar)

9.61 (s, 1H, CHO)

5d 136 1690 (C=0) 8 2.32 (s,3H,CHs)
6.51 (s,2H,NH2)
7.80 (s,1H,Ar)
8.54 (s,1H,Ar)

9.61 (s, 1H,CHO)

2Vilsmeier-Haack Formylation = (DMF + POCIs) (1:1)

Progress of the reaction is due to the heat energy
generated from the mechanical energy when the reaction
mixture is grinded in the mortar. Even though the yields
are low, the reaction is completed in 25-30 minutes under
solvent free conditions, suggesting that the present method
could be employed for small scale Vilsmeier-Haack
synthesis of formylation / acetylation reaction. Since the
method is solvent free and saves time it could be
considered as a green synthesis of Vilsmeier-Haack
reactions.

Table 6. Spectroscopic data of Acetylation® Reactions of representative
Pyridines.

NMR

8 2.55 (s, 3H, COCH3)
7.68 (t, 1H, Ar)

8.43 (d, 1H, Ar)
8.88 (d, 1H, Ar)

9.31 (s, 1H, Ar)
82.55 (s, 3H, COCHS3)
2.37 (s, 3H, NH2)
6.51 (s,2H,Ar)
6.90 (s,1H, Ar)
8.84 (s, 1H, Ar)

8 2.55 (s, 3H, COCHB3)
5.85 (s, 2H, NH2)
7.94 (s, 1H, Ar)
8.90 (d, 1H, Ar)

8 2.32 (s,1H,Ar)

2.55 (s, 3H, COCH3)
6.51 (s,2H,NH2)
8.06 (s,1H,Ar)

8.81 (s,1H,Ar)

Compound M*
6a 121

IR (Cm?)
1690 (C=0)

6b 150 1690 (C=0)

6c 136 1690 (C=0)

6d 150 1690 (C=0)

bVilsmeier-Haack Acetylation = (DMA + POCls) (1:1)

Conclusion

In conclusion, we have successfully demonstrated
Vilsmeier-Haack reaction with certain anisoles and
pyridines under solvent free conditions. The present
finding is more advantageous over solution phase reaction.
It is conducted with economically cheap and readily

www.iaamonline.com

available reagents. The reaction occurs under mild and
environmentally safe conditions with a simple work up at
room temperature. Thus, it is believed that the present
work is a major break through in the area of Vilsmeier-
Haack synthesis.
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